Introduction
Meningococcal disease (MD) is still prevalent throughout the world and remains a serious health problem [l] . The reported case-fatality rates (CFR) of MD range from 5 to 16% [2-111. An apparently healthy person who contracts MD might die within 24 h, and improvements of patient care during the last four decades have had no measurable impact on the CFR of MD [lo] .
Clinical parameters at presentation have been used to develop prognostic scores to estimate the chance of a fatal outcome [6, 7, 9, [11] [12] [13] [14] [15] . The identification of parameters associated with a fatal outcome may result in the early recognition of patients needing aggressive therapy, which may have a favourable influence on their prognosis.
From 1982 onwards, a gradual increase in the incidence of MD in the Netherlands was noted [16] , and a nation-wide survey was started in 1989. During a 13-month period the meningococcal isolates and data from 562 culture-proven cases of MD were collected. The bacteriological characteristics of the meningococci isolated from these patients, and their relationship with the disease outcome have been described elsewhere [17, 181. This report presents the analysis of the relationship between clinical determinants and the outcome of MD.
Patients and methods
Since 1958, isolates of Neisseria meningitidis from the blood or cerebrospinal fluid (CSF), or both, of patients with MD have been sent to the Netherlands Reference Laboratory for Bacterial Meningitis (RLBM) in Amsterdam by regional laboratories. During the study period from 1 April 1989 until 30 April 1990 consecutive patients with culture-proven MD were reported. N rneningitidis was cultured from the CSF in 325 of the patients (57.7%), from the blood in 115 patients (20.4%), and from both CSF and blood in 123 patients (2 1.8%).
Immediately after receipt of the isolate, the attending specialist was contacted and asked to complete a questionnaire which included, among others, questions about the presence of predisposing factors, duration of disease before admission, the administration of antibiotics immediately prior to admission, signs, symptoms and laboratory parameters on admission (coma, seizures, haemorrhagic skin lesions, blood pressure, temperature, WBC count and platelet count). Four weeks later a follow-up questionnaire regarding the disease outcome was sent to the attending specialist. No information was provided for one patient; thus, data from 562 patients could be analysed.
Predisposing factors were defined as the presence of malignancy, immunosuppressive therapy, diabetes mellitus, chronic obstructive lung disease, chronic renal failure, liver cirrhosis, intravenous drug-abuse, recent severe head injury and a history of neurosurgery.
The mean arterial pressure (MAP) was calculated by the formula: two-thirds of the diastolic blood pressure plus one-third of the systolic blood pressure.
Age was classified into five functional categories which represent homogeneous age groups with respect to the CFR. The age ranges of these categories were chosen to enhance statistical efficiency. The category 6 months-9 years served as reference category. Duration of disease before admission and the numerical variables temperature, MAP, WBC count and platelet count were dichotomised.
The association of each individual variable with the disease outcome was assessed by the x2 test. Fisher's exact test was used when appropriate. The relative risk of a fatal outcome was expressed as an odds ratio (OR) with its 95% confidence interval (CI). Exact CIS were calculated when appropriate.
The most important clinical prognostic indicators of a fatal outcome were determined by multiple logistic regression. All variables that were associated with the disease outcome in the univariate analysis (threshold p = 0.20) were selected for multivariate analysis. The model was fitted by forward selection of individual variables (significance level p = 0.05).
Before entering into the logistic model, for each variable with missing values an indicator term was constructed which indicated the presence (code = 1) or absence (code = 0) of information of the corresponding variable. Product terms were constructed of each indicator and its corresponding variable. Instead of the individual variables, the combination of each product term and the corresponding indicator of available information was entered into the logistic model. By the use of this strategy, patients with missing values of one or more variables could be included in the analysis. The estimated coefficients of the variables with missing values pertained to those patients for whom information was present, whereas the other coefficients pertained to all patients [19] .
All analyses were done with the statistical packages SPSS-PCR and EPI-INFOR.
Results
During the study period, 43 of the 562 patients died (CFR = 7.7%). In the univariate analysis, age, gender, predisposing factors, duration of disease before admission, coma, temperature, MAP, WBC count and platelet count were significantly associated with the disease outcome ( Table 1) . No significant associations were found with race (Caucasian versus non-Caucasian; p = 1 .OO), the administration of antibiotics immediately before admission (p = 0.19), seizures (p = 0.09) and haemorrhagic skin lesions (p = 0.32).
In the multivariate analysis, age, gender, coma, temperature, MAP, WBC count and platelet count were independent determinants of the disease outcome (Table 1) . The presence of coma on admission, temperature d 38.0°C, MAP d 70 mmHg, WBC count f 10 x 109/L and platelet count s 100 x 109/L increased the risk of a fatal outcome (ORs 5.1, 2.9, 3.0, 3.3 and 6.8, respectively). Children aged 0-5 months, teenagers aged 10-19 years and adult patients aged 3 50 years had an increased risk of a fatal outcome compared with patients aged 6 months-9 years (ORs 4.7, 3.7 and 16.3, respectively) . In the multivariate analysis, gender was still associated with prognosis; females had an enhanced risk of dying of MD (OR = 2.5).
The other candidates for inclusion in the logistic model (predisposing factors, duration of disease before admission, the administration of antibiotics immediately before admission and seizures) were no longer associated with the disease outcome in the multivariate analysis. Patients with a predisposing factor (n = 25) were older and presented more often with a low WBC count or a low platelet count, or both. A short duration of disease before admission (< 1 day; n = 11 1) occurred more frequently in patients with a low MAP, low WBC count or a low platelet count, or any combination of these. Antibiotics were administered immediately before admission to only 11 patients. Patients presenting with seizures (n = 24) were more likely to have a low MAP The number of missing values for the variables coma, temperature, MAP, WBC count and platelet count were 14, 19, 97, 84 and 147, respectively. For these variables, indicator terms, which indicated the presence or absence of information about the corresponding variables were used in the logistic model. With Table 2 ).
information present as reference category, the ORs of these indicator variables were all > 1 (Table 2) , indicating increased risk for a fatal outcome in the absence of information. Only the OR for the missing indicator of temperature was significant (p = 0.01).
Discussion
Since 1958, meningococcal isolates from the blood or CSF, or both, of patients with MD have been submitted to the RLBM by almost all microbiologists in the Netherlands for further classification. In a previous study, the coverage rate of the submissions was calculated to be > 80% of the actual number of cases, whereas statutory notifications in the Netherlands accounted for only 58% [20]. Therefore, a high level of representation has been reached with the RLBM submission system. As a result of the intense involvement of the Dutch clinical microbiologists and specialists during the study period, the coverage rate might have been even higher, but it is beyond doubt that cases have been missed. This might pertain particularly to severely ill patients, among whom diagnostic procedures are prone to errors due to the seriousness of their condition. The present study was based on culture-proven cases only and, consequently, severely ill patients might be under-represented. However, it is not very likely that there was a differential under-reporting (e.g., fatal cases with low WBC count were more likely not to be reported). Therefore, we consider our data valid.
In this study, data were provided by many different attending specialists and some information bias can be expected. However, most questions were easily interpretable and pertained to substantive and easily obtainable data.
For the analysis, no distinction of the clinical picture into meningitis or bacteraemia was made, because it is determined by the various signs, symptoms and laboratory parameters. The latter are easier to assess than the clinical picture. Another reason for not including the clinical picture in the analysis is the inevitable induction of colinearity. However, the CFRs for patients with meningitis, bacteraemia and both meningitis and bacteraemia were 4.6%, 1 1.4% and 12.2%, respectively [ 171.
In this large series of 562 patients with MD reported in the Netherlands during a 13-month period, age, gender, coma, temperature, MAP, WBC count and platelet count were independent prognostic indicators of the outcome. These findings are in agreement with those of other studies [6, 7, 9, [11] [12] [13] [14] . The presence of coma on admission, temperature d 38.0°C, MAP d 70 mmHg, WBC count d 10 x 10g/L and platelet count s 100 x 1 0 9 /~ were signs of a poor prognosis.
Furthermore, the risk of a fatal outcome of MD was increased for patients aged 0-5 months, 10-19 years and 3 50 years, and for female patients. However, it should be noted that the lower confidence limit of the 95% CIS for several variables was between 1.0 and 1.5, indicating a relative lack of confidence in their significance. The prognostic power of these variables should be interpreted with care.
There seems to be a plausible explanation for most of these findings. Coma on admission or a low MAP, or both, can be regarded as signs of an already serious clinical picture of MD, whereas a low temperature or a low WBC count, or both, presumably indicate poor defence mechanisms. A low platelet count seems to be an early sign of disseminated intravascular coagulation. The higher risk of a fatal outcome in patients 3 50 years old can be explained partially at least by the higher incidence of either the measurable or the non-measurable predisposing factors in this age group, and immaturity of the immune system is the most likely explanation of the increased risk of death for infants. The increased risk for teenagers might be related to a temporal deficit of the non-specific immunity due to a change in life style during puberty [21] . However, there seems to be no sound explanation for the increased risk of a fatal outcome in female patients. In the univariate analysis, predisposing factors, duration of disease before admission, the administration of antibiotics immediately prior to admission and seizures were associated with the outcome of MD, but these associations disappeared in the multivariate analysis. The univariate associations seem to be explained almost completely by one or more of the other determinants. Another explanation for the disappearance of the univariate associations might be lack of statistical efficiency because of the uneven distribution of cases over the categories of three of the above-mentioned variables, with very small numbers in one of the categories.
The lack of association of haemorrhagic skin lesions with the disease outcome was remarkable. These lesions are generally found to be a bad prognostic sign [6,7,9, 11, 13-15]. No distinction was made in the questionnaire between the apparently less harmful petechial lesions and the ominous purpuric lesions. In addition, the majority of cases presented with these broadly defined haemorrhagic skin lesions. This might have impeded the recognition of the prognostic properties of these lesions in this study.
Of the ORs of the indicator variables for the availability of information, only the OR for the indicator of temperature was significant. However, all these ORs were > 1, indicating an increased risk for a fatal outcome in the absence of information. It is likely that diagnostic procedures concerning severely ill patients are prone to errors and the omission of a basic measurement like temperature might pertain predominantly to patients who are admitted in a very bad condition.
The assessment of age, gender, coma, temperature, MAP, WBC count and platelet count on admission to hospital of patients with MD is an important means of identifying patients with a poor prognosis. This determination of high risk patients may result in prompt transfer of these patients to an intensive care unit. Their poor prognosis might benefit from early intensive treatment.
